Abstract: It remains unclear whether n-3 long-chain polyunsaturated fatty acids (LCPUFA) have a preventive effect on depression in the general population. This study investigated the longitudinal association between n-3 LCPUFA intake and depressive symptoms in community-dwelling Japanese participants. The participants were aged 40-79 years at baseline in the cohort study, wherein examinations, including the assessment of depressive symptoms and nutritional status, were biennially conducted from 1997 to 2012. The subjects (n = 2335) who had a Center for Epidemiologic Studies Depression Scale (CES-D) score < 16 at the first examination and who participated in the follow-up study at least once were included in the analysis. The follow-up end point was the first onset (CES-D ≥ 16) or the last examination participation. Hazard ratios (95% CIs) for CES-D ≥ 16 were estimated using the adjusted Cox proportional hazards model. Overall, 22.1% participants showed depressive symptoms during follow-up (average; 8.1 years). Compared with the lowest tertile, the highest HR for EPA was 0.74 (0.60-0.93), and highest and middle HRs for DHA were 0.79 (0.63-0.98) and 0.80 (0.65-0.99) (P for trend = 0.009 and 0.032), respectively. Among populations with high fish consumption, higher n-3 LCPUFA intake may be associated with a low risk of depressive symptoms.
Introduction
Depression is a serious public health problem worldwide. The World Health Organization estimates that approximately 322 million people worldwide suffer from depression [1] . The illness is predicted to become one of the top three causes of disability-adjusted life years lost by 2030 [2] .
In the approximately 20 years since 1996, the incidence of mood disorders, including depression and bipolar affective disorder, has doubled in Japan, and the number continues to rise [3] . In Europe and the United States, young people are at a higher risk of developing depression than old people [4] . However, recent Japanese surveys have reported that depression occurs frequently among middle-aged began in November 1997 and ended in April 2000. Following the first wave of the examination, participants were followed up every 2 years. The seventh wave of the examination was completed in July 2012, and a postal survey for follow-up is ongoing. Participants in the NILS-LSA included randomly selected, age-and sex-stratified individuals from the noninstitutionalized residents in the National Center for Geriatrics and Gerontology neighborhood areas of Obu City and Higashiura Town in Aichi Prefecture. When participants could not attend the follow-up investigations (because of moving away, death, or other personal reasons), the same number of age-and sex-matched random samples were recruited, excluding individuals aged >79 years. Male and female participants aged 40 years were also newly recruited from the same residential area. Details of the NILS-LSA study have been reported elsewhere [28] . This research is not a clinical trial and is therefore not registered.
Study Population
The NILS-LSA included 3983 males and females aged 40 years or older who participated in at least one examination from the first to the seventh wave of examinations (from 1997 to 2012). The baseline for each individual was at the first assessment time point by the Center for Epidemiologic Studies Depression Scale (CES-D). The follow-up time was the period from each baseline (the time of each individual's first CES-D assessment) to the first onset of depressive symptoms or the censored date (the last examination day). We excluded the following individuals: Those who failed to participate more than once in the CES-D assessment; those with CES-D scores ≥ 16 at each baseline; those with a self-reported history of previously diagnosed dementia at each baseline and those with missing data at each baseline for adjusted variables in the statistical analysis. Lastly, on the basis of the exclusion criteria, 2335 subjects (1170 males and 1165 females) were included in the analysis (Figure 1 ). The study was approved by the Committee for Ethics of Human Research of the National Center for Geriatrics and Gerontology (No. 899-2) and was conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from all subjects. sex-matched random samples were recruited, excluding individuals aged >79 years. Male and female participants aged 40 years were also newly recruited from the same residential area. Details of the NILS-LSA study have been reported elsewhere [28] . This research is not a clinical trial and is therefore not registered.
The NILS-LSA included 3983 males and females aged 40 years or older who participated in at least one examination from the first to the seventh wave of examinations (from 1997 to 2012). The baseline for each individual was at the first assessment time point by the Center for Epidemiologic Studies Depression Scale (CES-D). The follow-up time was the period from each baseline (the time of each individual's first CES-D assessment) to the first onset of depressive symptoms or the censored date (the last examination day). We excluded the following individuals: Those who failed to participate more than once in the CES-D assessment; those with CES-D scores ≥ 16 at each baseline; those with a self-reported history of previously diagnosed dementia at each baseline and those with missing data at each baseline for adjusted variables in the statistical analysis. Lastly, on the basis of the exclusion criteria, 2335 subjects (1170 males and 1165 females) were included in the analysis (Figure 1 ). The study was approved by the Committee for Ethics of Human Research of the National Center for Geriatrics and Gerontology (No. 899-2) and was conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from all subjects. 
Depressive Symptoms
Depressive symptoms were assessed using the Japanese version [29] questionnaire of the CES-D [30] . The participants completed the self-completed questionnaire CES-D at home for assessing their depressed state in the previous week and brought it with them on the examination day. The CES-D questionnaire comprises 20 questions in the following four subscales: Somatic and retarded activity, depressed affect, positive affect and interpersonal relations. Scores range from 0 to 60, with lower scores indicating fewer depressive symptoms. This scale is reportedly a valid and reliable measure of depressive symptoms in the elderly [31] . A cut-off score of ≥16 is used for identifying subjects with relevant depressive symptoms [30] . We defined a CES-D score ≥16 as representative of depressive symptoms. We regarded the first time point at which the CES-D score was ≥16 during the follow-up period as the onset of depressive symptoms.
Nutritional Assessment
Nutritional intakes, such as mean energy intake per day (kcal/day) and fatty acid intake per day (g or mg/day), were assessed using a 3-day dietary record after participation in all waves. The dietary record was completed over three continuous days (two weekdays and one weekend day) [32] . Most subjects completed it at home and returned the records within 1 month. Either the food was separately weighed on a 1-kg kitchen scale (Sekisui Jushi, Tokyo, Japan) before being cooked, or portion sizes were estimated. The subjects used a disposable camera with 27 shots (167 Fuji Film, Tokyo, Japan) for taking photographs of their meals before and after eating. Dieticians used these photographs to complete missing data, and they then telephoned the subjects to resolve any discrepancies or to obtain further information when necessary. Average 3-day food and nutrient intakes were calculated according to the Standard Tables of Foods Composition in Japan 2010 [33] . Alcohol intake in the previous year was assessed using a food frequency questionnaire; trained dieticians interviewed the subjects using this questionnaire.
Other Measurements
A self-completed questionnaire, provided approximately 2 weeks prior to the examination day, was used for collecting information on the history of hypertension, hyperlipidemia, ischemic heart disease, stroke and diabetes (yes/no); education (≤9, 10-12, or ≥13 years of school); employment status (no occupation or household labor/nonregular employment/regular employment); marital status (yes/no) and smoking status (yes/no). The questionnaires were collected on the examination day. Both weight and height were measured on the examination day, and BMI was calculated as the weight in kilograms divided by the square of the height in meters (kg/m 2 ). Trained interviewers used a questionnaire for assessing physical activity using questions regarding the intensity and frequency of activity over the preceding year [34] . The mean amount of leisure-time physical activity per day was calculated (metabolic equivalents [MET] , MET × min/day).
Statistical Analysis
All statistical analyses were conducted using Statistical Analysis System version 9.3 (SAS Institute, Cary, NC, USA). The confounding variables were sex, age, BMI, educational level, marital status, smoking status, alcohol consumption, energy intake, physical activity, employment status, CES-D score and history of hypertension, hyperlipidemia, ischemic heart disease, stroke, and diabetes at baseline. Differences in characteristics and fatty acid intake between subjects with and without new onset of depressive symptoms were assessed using the χ 2 -test for categorical variables or Student's t-test for continuous variables. To analyze the association between fatty acid intake and risk of depressive symptoms, we performed Cox proportional hazards regression and estimated the hazard ratios (HRs) and 95% CIs of depressive symptoms for tertiles of fatty acid intake using the lowest tertile category as the reference. Trend associations were assessed by entering dummy variables assigned to the tertile of fatty acid intake. In model I, we adjusted for age, sex and energy intake. Model II was further adjusted for the confounding variables, including BMI, educational level, marital status, smoking status, alcohol consumption, physical activity, employment status, CES-D score and previous medical history at baseline. Two-sided p values < 0.05 were regarded as indicating statistical significance.
Results

Characteristics of the Study Population
The subjects for analysis consisted of 1170 males (50.1%) and 1165 females (49.9%). The mean age at baseline was 56.1 (SD 11.9) years, and 515 subjects (22.1%) were identified as having depressive symptoms (CES-D score ≥ 16) during the follow-up period. The average follow-up time was 8.1 (SD 3.8) years. The characteristics of subjects with and without the onset of depressive symptoms are shown in Table 1 . Compared with subjects who presented without new onset of depressive symptoms, subjects who presented with new onset of depressive symptoms were significantly more likely to be female, had fewer years of education, and had a higher CES-D score at baseline. Marginally significant differences were observed for marital status and history of diabetes. 
Differences between Fatty Acid Intake with and without the Onset of Depressive Symptoms
Table 2 shows the fatty acid intake level at baseline according to the presence or absence of new onset of depressive symptoms during the follow-up period. The fatty acid intake level at baseline, including EPA (p = 0.049), DHA (p = 0.020), and n-3 PUFA (p = 0.040), was significantly different in subjects with and without onset of depressive symptoms. Subjects with the onset of depressive symptoms had significantly lower fatty acid intake than those without depressive symptoms. However, the intake of α-linolenic acid (ALA) among n-3 PUFAs and n-6 PUFA did not significantly differ between groups. Tables 3 and 4 present the HRs and 95% CIs of depressive symptoms for tertiles of fatty acid intake, using the low tertile category as the reference. The risk of depressive symptoms was inversely associated with the increased intake of n-3 PUFAs, with a significant association in the high tertile compared with the low tertile (Table 3) . No associations were noted between intake levels of any fatty acid other than n-3 PUFAs and the onset of depressive symptoms. No significant associations were observed with n-6 PUFA levels, but the n-6:n-3 ratio showed a significant trend of association with the onset of depressive symptoms. ARA, arachidonic acid; ALA, α-linolenic acid; CES-D, Center for Epidemiologic Studies Depression Scale; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; LA, linoleic acid; N, number; T, tertile; * Based on Cox proportional hazards analysis according to tertile categories of fatty acid intakes. P for trend estimated by treating tertiles as ordinal variables for fatty acid intakes. † Values at baseline. ‡ New onset of depressive symptoms for follow-up period. A person with total CES-D score ≥16 is considered to have a significant depressive tendency. § Model I: Adjusted for sex, age, and energy intake. Model II: Adjusted for sex, age, energy intake, BMI, educational level, marital status, smoking status, alcohol consumption, energy intake, physical activity, employment status, CES-D score, and history of hypertension, hyperlipidemia, ischemic heart disease, stroke, and diabetes at baseline. Table 4 shows the risk of depressive symptoms according to the tertile of individual fatty acid intake. In the crude model, the increased intake of EPA and DHA showed an inverse association with the onset of depressive symptoms (p for trend = 0.016 and 0.023, respectively). The crude HRs for EPA and DHA in the highest tertile were significantly lower than those for EPA and DHA in the lowest tertile (EPA: HR 0.77, 95% CI 0.62-0.95; DHA: HR 0.79, 95% CI 0.64-0.97). The HR for DHA was also significant in the middle tertile compared with the lowest tertile. In model I, which was adjusted for sex, age, and energy intake, the result was similar to that in the crude model. Furthermore, these significant associations were maintained even in model II after adjusting for more covariates, including baseline CES-D score, BMI, educational level, marital status, smoking status, alcohol consumption, physical activity, employment status, and history of hypertension, hyperlipidemia, ischemic heart disease, stroke, and diabetes. After adjustment for all covariates, EPA was associated with a lower HR for onset of depressive symptoms (high tertile vs. low tertile: HR 0.74, 95% CI 0.60-0.93). Similarly, higher DHA was associated with a lower HR for onset of depressive symptoms (high tertile vs. low tertile: HR 0.79, 95% CI 0.63-0.98; middle tertile vs. low tertile: HR 0.80, 95% CI 0.65-0.99). Moreover, the HR showed a decreasing trend with level of intake of both EPA (p for trend = 0.009) and DHA (p for trend = 0.032). There were no significant associations for other fatty acids.
Risk of Depressive Symptoms with Increased Intake of Fatty Acids
Discussion
In the present study, higher intakes of EPA and DHA were shown to be effective in reducing the risk of depressive symptoms in Japanese middle-aged and elderly community-dwelling subjects. To the best of our knowledge, this is the first study demonstrating a decreased risk in response to the intake levels of EPA and DHA in a population with a high fish intake. This association was specific to EPA and DHA.
During 8.1 years of follow-up, 22.1% of participants had an onset of depressive symptoms. This rate was higher than that in our previous cross-sectional study (12.5%) and in other reports regarding Japanese middle-aged and elderly subjects [35] . The difference between cross-sectional and longitudinal studies may partially contribute to this discrepancy.
In a cohort study that used CES-D for assessing the depressed state and observed subjects for a similar follow-up period, the incidence of depressive symptoms ranged from 11.3% to 29.2% [6, 36, 37] .
Japanese people consume a large amount of fish and shellfish, which are the main sources of EPA and DHA [38, 39] , and the subjects in the present study had a high intake of these fatty acids. The median values for EPA and DHA consumption were 243 and 469 mg/day, respectively. The intake of EPA and DHA in Japan are approximately 10 times higher than those in the United States and Australia, where the fish intake is lower [38, 40] . Other Japanese studies of middle-aged and elderly subjects also found high intake levels of n-3 LCPUFA (range, 0.8-1.0 g/day) [27, 41, 42] . In cohort studies similar to the present study, high intakes of n-3 LCPUFA were found in Finland (0.5 g/day) and Spain (0.9 g/day) [43, 44] , whereas most cohort studies in other Western countries, such as the United States and Australia, have found an intake of approximately 0.1 g/day [36, 40, 45] .
Ecological studies have shown that age-standardized disability-adjusted life years among subjects with depressive disorders are lower in countries in which people consume more fish [12] . However, in cohort studies in countries with higher fish intake, no clear association between n-3 LCPUFA intake levels and depressive symptoms has been observed. We initially considered that the lack of clear evidence for this association may be associated with the saturation effect of n-3 LCPUFA levels on depressive symptoms, but a dose-related association between n-3 LCPUFA levels and depressive symptoms was demonstrated in a cross-sectional study using serum samples from Japanese subjects [35] . EPA and DHA intake levels in regions with low fish intake may be insufficient to impact depressive symptoms.
Our research evaluated EPA and DHA intake levels using a 3-day dietary record, whereas numerous Western cohort studies use Food Frequency Questionnaires (FFQs) [6, 44, 46] instead of dietary records. Another Japanese cohort study has also used the FFQ [27] . The dietary intake method used in our study reportedly provides more accurate intake levels than the FFQ [47, 48] . Differences in accuracy between dietary evaluation methods may influence the results of different studies.
Variations in subject characteristics may also explain discrepancies between study findings. The participants in the present study was from a general, randomly selected, community-dwelling population, whereas most previous reports included participants from cohort-based intervention studies. Intervention studies may be associated with selection bias because of the precise selection criteria. Among the cohort studies of the ingestion of EPA and DHA and the risk of depressive symptoms, only two studies in Spain [44] and Japan [27] were conducted in areas with high fish intake. The findings of these studies were found to be partially significant and not dose-dependent. These results may be because of the insufficient research period. The follow-up period of the Spain cohort study was approximately 2 years, which may be too short a period to observe the occurrence of an event. Conversely, the follow-up period in the Japanese study was 25 years, which may be too long. In addition, these studies either used specific educational levels for study inclusion [44] or did not consider education as a confounding variable [27] . The educational level is associated with the incidence of depressive symptoms [49, 50] . Thus, selection bias is more likely to have occurred in these studies. The Spain study also included onset of symptoms of anxiety besides depression, and the rate was 67% in all subjects; thus, the relevance of depressive symptoms may not have been considered. Depression may also be a critical complication of stroke and diabetes [51] [52] [53] ; however, few studies have adjusted for these variables. Future studies should aim to identify all factors associated with depression and the intake of fatty acids.
There were few differences between EPA and DHA in the present study, as the tertiles of both fatty acid concentrations showed an association with a lower HR for depressive symptoms, with significant trends. A recent meta-analysis provided evidence that EPA may be more efficacious than DHA in treating depression [54] . Another meta-analysis suggested that only regimens containing over 60% EPA had a highly significant effect in the treatment of depression [55] . DHA is also a major component of brain neurons [56] and plays an important role in maintaining regular brain function [57] . However, an intervention study indicated the possibility of a better effect of DHA than EPA on depression [58] . In our study, no significant associations were observed with n-6 PUFA levels, but the n-6:n-3 ratio showed a significant trend of association with the onset of depressive symptoms as is the case with numerous other reports. A high dietary n-6:n-3 ratio associated with increased risk of depression has been often reported [59] . But most reports only reflect the results derived from the inverse associations of n-3 LCPUFA with the risk of depression as in our study. Another article concluded that increased intake of oleic acid was associated with reduced risk of severe depressed mood while increased intake of linoleic acid was associated with increased risk [60] . The results of the present study were inconsistent with those of this study because we observed no association with oleic acid and linoleic acid. Higher n-3 LCPUFA intake of Japanese than people of other countries may affect these differences, but the details remain unclear.
This study has several limitations. First, we did not have a diagnosis of clinical depression. Although the CES-D is a valuable assessment scale for studying the association between depressive symptoms and several variables, it is not a clinical diagnostic tool [30] . Second, our nutritional assessment method is more accurate than other methods [47, 48] , but it still may not be sufficient in this research. Because daily fluctuations in EPA and DHA intake within each subject were large, a 3-day observation period for dietary intake may have been insufficient. However, the fluctuation may have had little influence on the results because the estimated intake was based on the cohort population and not on individuals. Third, there was no control for time-varying covariates. We adjusted only for covariates obtained at the baseline. This may induce systematic bias that yields an underestimate of HR. Fourth, we did not control for multiple comparisons because we particularly focused on n-3 LCPUFA on the basis of our hypothesis. But fatty acids other than n-3 LCPUFA were also examined because it was necessary to ascertain whether findings regarding any association were specific to n-3 LCPUFA. Fifth, the small effect size was not large enough to make definite conclusions. However, systematic review and meta-analysis of results obtained from observational studies support the hypothesis that dietary fish-derived n-3 PUFA intake is associated with a decreased risk of depression [26] . Although the effect size was small, the habitual high fish-derived fatty acid intake may be clinically effective in preventing depressive symptoms.
Conclusions
To conclude, the present study suggests that EPA and DHA intake may have a favorable effect on depressive symptoms in Japanese subjects with higher intake levels of n-3 LCPUFA. Lower intake levels may lead to more depressive symptoms in subjects in countries with lower n-3 LCPUFA intake. Daily intake of these fatty acids may be beneficial. Further longitudinal and intervention studies are needed to elucidate any preventive effects of n-3 LCPUFA against depressive symptoms.
